ABSTRACT.--Hormonal manipulations with implants allow examination of the costs and benefits of behaviors and physiologic states mediated by a given hormone. As a part of ongoing research into the effects of the steroid hormone testosterone (T) in Dark-eyed Juncos (Junco hyemalis), we measured the corticosterone (B, asteroid hormone secreted by the adrenal in response to stress ) response to the stress of capture and handling in males treated with T (T-males) and in control males (C-males). Although B may be essential for energy mobilization, chronic or repeated exposure to elevated levels of B can have many negative effects. Because T mediates many behaviors that may increase the likelihood that an individual will encounter stressors, we predicted that plasma B would rise more rapidly in Tmales than in controls. In the first few minutes post-capture, the increase in B levels was significantly higher in T-males than in controls. B levels in samples collected 10, 30, and 60 min post-capture were consistently higher in T-males than in C-males; however, the difference was not statistically significant. Because previous work has shown that T-males reduce their parental contribution, we compared females that were mated to T-males and C-males (hereafter T-and C-females). B levels of T-females increased sharply in the first few minutes post-capture, whereas in C-females they did not; however, the responses were not statistically different. Males had higher initial levels and a greater B-response to stress than females when data were compared irrespective of treatment. 
IN MOST NORTH-TEMPERATE BIRDS, circulating levels of testosterone (T) in males are elevated
during the sexual phase of the breeding season (i.e. territory establishment, pair formation, nest building, and copulation) and become lower during parental care when eggs or young are present (Wingfield 1984 , Ball 1991 . Although relatively high levels of T early in the breeding season may be essential for the expression of reproductive physiology and behaviors, it is thought that the behaviors promoted by T are incompatible with the care of young (see below). Accordingly, males with experimentally elevated levels of T (T-males) during the parental phase can be expected to reduce their parental effort compared with control males (C-males). Indeed, the few studies that have artificially elevated T during incubation and brood rearing have found that treated males decrease their parental effort (Silverin 1980 In the preceding studies, T levels were approximately 3-fold higher in T-males than in C-males. Implants were positioned subcutaneously along the left flank under the wing. Individuals that had been banded in earlier years were designated as treatment or control based on the previous year's treatment, i.e. birds were given the same treatment in subsequent years.
Juncos that were new to the study tract were randomly designated as treatment or control. In a few cases, we failed to capture a male between the dates pre-established for implanting; these males were comparable to C-males and were incorporated into the control data set.
To assess stress responses, all birds were captured when their nestlings were between 8 and 11 days old. To control for possible diel fluctuations in corticosterone secretion, almost all samples were collected between 0700 and 1 tOO. The few samples collected later in the day did not differ from the early samples, so all samples were combined for analysis.
Our protocol in measuring stress responses was as follows: (1) a timer was started when the bird entered the net; (2) the individual was removed from the net and an initial blood sample collected (to control for differences in the time required to remove individuals from the net, we noted the elapsed time between the bird's first entering the net and collection of the initial sample); (3) the bird was held in the hand until 10 min had passed from the time it had entered the net (during which time we took standard morphometric data); and (4) a second sample was then collected. In 1996 and 1997, in addition to taking the initial and 10-min samples, we placed birds in loosely woven cloth bags and collected samples at 30 and 60 min. All blood samples were collected in microhematocrit tubes (50•L of whole blood) following puncture of the brachial vein with a 26-gauge needle. Blood samples were kept on ice until transport to the laboratory, where they were centrifuged and the plasma fraction harvested and stored at -20øC until taken on dry ice to Bloomington, Indiana, for assay.
Radioimmunoassay.--Direct assay of corticosterone was conducted according to Wingfield et al. (1992) , with the exception that we used anhydrous diethyl ether rather than dichloromethane to extract steroids from plasma. Prior to extraction, approximately 2,000 cpm of radio-labeled B were added to each sample and permitted to equilibrate overnight. This allowed calculation of the percentage of hormone recovered during the process. Samples were run in a single assay following each field season. Mean plasma volume in the 1995 samples (n = 86) was 26.37 + SE of 0.64 •L; recovery was 91.0% and intra-assay variation was 13.5%. Mean plasma volume in 1996 (n = 104) was 20.59 -+ 0.46 •L; recovery was 80.11% and intra-assay variation was 16.5%. Mean volume in 1997 (n = 78) was 20.13 _+ 0.58 •L; recovery was 84.5%, and intra-assay variation was 12.0%. Inter-assay variation (n = 3) was 13.1%.
Statistical analyses.--Although our goal had been to collect the initial blood sample within one minute after an individual entered the net, the procedure often took longer (f = 2.45 _+ 0.12 min, n = 81). Consequently, we used regression analysis to relate B to handling time. As a preliminary analysis, however, Serial sampling of corticosterone.--Although our data from repeated sampling of B did not differ significantly according to treatment, Tmales tended to have higher B than did Cmales (Fig. 5) . Furthermore, the levels of B extrapolated to 1 min were higher in T-males, and B rose more rapidly in T-males than in C-males (Fig. 1) . Despite the fact that T-females showed a significant early increase in B in response to capture and handling, whereas C-females did not (Fig. 2) , B levels of the two treatment groups did not differ (Fig. 5) . Given the potential negative effects of B described above, the data from serial sampling further suggest that elevated T has costs, especially for males.
The clear difference in the B responses of male and female juncos to the capture-stress paradigm (see Fig. 6 ) may reflect a sex difference in the ability to modulate the adrenocortical response to stress. Mounting evidence suggests that some species of birds can dampen their stress response during the breeding season (see below). This ability may minimize the negative effects of B upon the reproductive axis. Alternatively, it may suppress foraging or irruptive behavior, both of which are promoted by B, and both of which would interfere with parental care (Silverin 1986 . 1994a) . Unfortunately, our data do not permit us to determine whether female juncos vary seasonally in their adrenocortical response. Interestingly, both adult and hatching-year female White-throated Sparrows (Zonotrichia albicollis), which are ecologically comparable to juncos, had a greater stress response than males when tested during the fall (Schwabl 1995) .
In summary, relative to controls, male juncos treated with testosterone have: (1) higher baseline levels of corticosterone; (2) a more rapid corticosterone response; and (3) a tendency toward higher levels of corticosterone in repeated samples, all of which suggest possible costs to the maintenance of high levels of testosterone. Additionally, differences in the adrenocortical response of males and females that we documented are provocative, especially in light of seasonal and sexual differences reported for other species.
